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COTTON AIBFLANE FABRICS. 
ByE. D.WAimr. 



vam.nmT Awr BSPOBT. 

The Tvork on cotton fabrics as applied to fdiplane ■wing coTerings 
has by no means been completed, but certain preliminary inTestiga- 
tions have shown useful results, and in tib.e belief that the conclusions 
already drawn vnSL be of Talue, the followiiig preliroiaary teporfc is 
presented. Time has not been avaflable to put this material into 
consecutive and strictly logical form. It should be considered as a 
series of notes containing the salient features of the investigation 
developed up to this time. 

The application of cotton fabrics to airplane wings has long been 
desired, out the many unsuccessful attempts to substitute this fabric 
for the highly satisfactory linen have pveniise to a general belief that 
cotton is out of the question. 

The objectionable ieatares of the attempted cotton fabrics as com- 
pared to iiiifia'were: 

1. Low tearing resistance. 

2. Poor penetration of the dope. 

3. Little shrinkage upon the application of dope. 

4. Poor restitution properties. 

5. Cracking or peehng of the dope during the application of stress 

to the fabric. 

Tbe Bureau of Standards undertook the inv^tigation of airplane 
fabrics with the view of finding suitable substitutes for the linen, 
fabrics, and it was decided that the fibers to be considered were 
cotton, ramie, silk, and hemp. Of these^ the cotton fiber was the 
loffloal one to oe given primary consideration. 

The long fibers, such as linen, ramie, and hemp, can be grown in 
this country, but there are no facilities for their spinning. The 
failure to develop the manufacture of these products has probably 
been due to the necessarily high labor cost for careful curing of the 
fibers before mtmuf actnre. 

Silk has been grown in this country experimentally, but at present 
the supply is entirely imported. The manufacture, however, has 
been highly developed and accordingly silk has been ^ven considera- 
tion and wnl be reported on at a later date. 

It was decided to study first the physical properties of the satis- 
factory linen fabrics and the general requirranente of fabrics for air- 
plane wing coverings, for the piupose of designing cotton fabrics 
having the desirable properties of a linen fabric and conforming to 
the requirements of wing coverings. 
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FACTORS AFFECTINO TBB DESIGN QF AIBFLANE FABBIOS. 

The following is a general consideration of the requirements for a 
fabric airplane wing covering, together with the factors iofluenciog 
their attainment: 

1. Weight, not more than 4 to 4;5 ounces per square jard. 

(c) Kind of fiber. 

(6) Structure of fabric. 

2. Tensile strength, 70 to 80 pounds per inch of width. 

(a) Kind or fiber. 

^) -Structure of yam — method of manufacture. 

(c) Structure of fabric — 

Threads per inch. 
Method of interlacing. 

(d) Treatment of material — 

Chemical. 
Finishing process. 

3. Smooth surface. 

(a) Character of fiber. 
(J) Character of yam. 

(c) Structure of fabric. 

(d) Treatment of fabric. 

4. High-tearing resistance. 

(o) Strength of individual yarns. 

(J) Number of yams being stressed — 

TensibiKty of yams. 

Method oi interlacing. 

5. Rigidity (compactness). 

(a) Number and size of yams. 
(6) Method of interladng. 

6. Absorption of dope. 

(a) Kind of dope. 
(&) Nature of fiber. 

(e) Twist and size of yarns. 

(d) Treatment of yams or fabric. 

7. Shrinkage upon the application of the dope. 

(a) Dependent upon 6. 
(h) Number of yams, 
(c) Tensibility properties of fabric. 



(a) Permanancy of the dope. 
(6) TensibiKty properties of the fabric, 
ivontageous proportion ol the tensibility curves of the 
warp and filhng. 
(a) Analysis of tensible properties of the dope. 
(h) Analysis of stresses in wing coverings duri:^ flights. 

LABOBATOBT EXPEBIHENTS. 



The tensibiUty properties of the fabrics were determined in the fol- 
lowing manner : Spedmens 20 cm. long by 3 cm. wide were raveled to 
2.5 cm. wide, exposed to an atmosphereof 65 percent relative humidity 
at 70° F. and then stretched at a umform rate of 13 cm. per minute 
and the load transmitted by the fabric measured by means of a test- 
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ing machine of tthe iaclinatioii balance type. Hie testing machine 
was arranged to plot autograpMcally tlie stxetoh against me load. 

TloB graphs appended are reproductions of the autographic records. 
In every case the curre showing the greater stretch, is the warp 
direction, and the curve showing the lesser, the filling. No attempt 
has been made to assign spedfic reasons for tiie shapes of the curves, 
but rather to draw i^efm conclusions based on marked diSereaces 
in shape. 

The graph PL 30 is typical of the high-grade linen which is con- 
sidered satisfactory. The loops branching out from the right of the 
curves show the behavior of the fabric when relieved of the stress 
at the same rate as for loading and subsequently loaded again. It 
is observed that the flatter the curve and the smalter the stretch at 
the low loads the more nearly will the fabric return to its original 
length. 

It was further observed that the condition of the tigbtness of linen 
fabrics after doping was dependent upon the shape of the tensibility 
curve, as the fabrics having flatter tfflisibility curves^ and smaller 
stret<ui at the low loads, shrank to a greater degree of tightness tb«iT > 
the others. 

The fabrics having the above condition of tensibility properties 
naturally had better restitution properties after doping and comd not 
be permanently dented as easily as the others. 

Di^am PL 36 is representative of tiie hnen fabrics now coming 
from England. Drawn on the same sheet are the tensibility curves 
of the fabrics after doping. 

It win be noted that the filling curve of the doped fabric is very 
nearly a straight line and that the warp curve shows a markral giving 
way of the dope at approximately 6 "kg. load. Ihis is iadicative of a 
permanent set and aluiough in uiis instance the dope did not crack 
or ped oS, a less elastic £)pe would have done so, and thus espose 
the fabric. 

The stretch of the warp should be the same as that of the filling, 
when the fabric is ajpplied on the bias, iu order that the fabric maybe 
the most efficient m resisting tmiformly distributed pressure. The 
type of fabric shown in PL 36 is objectionable from this point of 
view. 

The above types of fabric were taken as a basis for the physical 
properties which should be embodied in a cotton fabric. 

The exact influence of the variables of the consi^ction of cotton 
yams and fabrics on the attainment of the desirable features of an 
airplane wing fabric, as outlined above, were not definitely known. 
Accordingly, several mills were asked to make sainples according to 
specified constructions which were designed to fix the limits between 
which suitable properties might be expected to be found. 

The resistance to tearing is a function of the strength of the indi- 
vidual yams and the number of yams beinf stressed. Accordingly, 
the experimental fabrics were constructed of ply yams vEurjring from 
2/40'8 to 4/100's and having from 50 to 90 fiireads -per inch» The 
raw cotton in all cases had a staple of about 1} inches. 

The following graphs show the tensibility relations of the more 
satisfactory cotton fabrics. 
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Fabric CP 25 whea stretched on a frame in the same manner as linen 
does not possess the necessary shrinkage, and has poor restitution 
properties. The dope will break when stress is applied to a doped 
fabric of this nature. These undesirable features can be overcome by 
stretching the fabric more tightly on a frame. This has many objec- 
tions considering the practicabihty of such a procedure. The curves 
show large stretch at the low loads. 

Fabric CP 7 has practically a balanced stretch condition, and if 

Jmt on a frame pr(^>erly will show good results. The thread count is 
ow and tiie yams fairly coarse, and the sample was observed to have 
a higher tearing resistance than any of the linens in the undoped 
condition. Objection has been raised to its open structure, but it 
was noted that one of the Italian planes was covered with a ramie 
fabric of a more open structure. 

Fabric CP 51 has many of the characteristics of CP 7, but has a 
better shrinkage upon doping due to the lower stretch in the filling 
dkection. The surface is somwhat smoother and the fabric is more 
compact, owingto the smaller yam size and higher tiiread count. 

The graph PC 66 shows the stretch load relation of this fabric after 
doping. It will be noted that there is a well-defined yield point at the 
low loads which means poor restitution properties and consequently 
baggy wings. This condition is due to the larger stretch of the raw 
fabnc at the low loads. 

The graph PC 72 shows the load stretch relation of the fabric CP 
50 when doped. The yield point at the low loads is not so prominent 
as was the case in the fabric CP 51. The tightness after doping was 
much better than in the case of fabric. CP 61. 

Fabrics CP 22 and CP 26 are practically the same as regards 
tensibility properties, but are qvite different in structure. These 
fabrics are made of yams mercerized under tension. Both of these 
fabrics shrank to a tightness which was much better than the linens. 

Graph PC 37 sho%vs the properties of .a fabric made of 4/100's. It 
will be noted that the curves are extremely r^ular and are very 
similar to CP 60 and CP 61. This fabric when doped produced the 
same degree of tautness as the fabric TC 60, but possessed better 
restitution properties Graph PC 75 is f aliric PC 37 after doping. 

Fabric CP 22 was put on a wing section of a JiV4 plane at Langloy 
Field. The Italian mission, which was on the field at the time, stated 
that it was exceptionally good and much better than the cotton 
which was being used durmg the recent advance of the Italian Army. 

Fabric CP 26 was desimed after a study of the many cotton 
fabrics which had been made in accordance with our instmctions and 
after CP 22 was tried out. The curves were flattened by mercerizing 
the yam and this also took out the crimps of the yams and fibers 
makmg very little stretch at the low loads. 

Graph PC 74 shows the tensibihty properties of CP 26 before aiid 
after ooping. The close similarity of these curves as compared with 
those of^ the linen PL 38 is to be noted. It will be further noted 
that the filling and warp curves are closer together than are the linen 
curves. This means that the fabric will withstand more jpressure 
tiian the linen if each is put on the bias. The nitrate and acetate 
dopes produced practically the same satisfactory tightness. 

Graph PO 70 uiows titie load stretch relation of tiie warp of CP 22 
vrk&n doped wi& a nitrate dope. This curve shows a distinct yield 
point, at which the dope cracked. 
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Graphs PL 38 and PC 74 skow (ihe similarity of th.e restitution 
properties of cotton CP 26 and linen PL 36. 

G&aph. CP 61 shows the condition of fabric CP 17 after two months 
continuous exposm« to the weatibier. It was observed that if the 
dope held up tiiiere was veay little decrease in the strength of the 
cotton, fabrics. 

Graph PX 45 is that of a ramie fabric. 

Graph P5 46 shows PX 45 af t-er doping. 

YIELD EXPEBIMEirFS. 

Samples of cotton fabric of several classes of tensibility curves 
were tried on engine sections of airplanes at Lan^ey Field and at 
Pensacola. The following is a summary of the comments of the 
commandiogofficers of these two experimental stations: 

LangletFieijd. — The fabrics were put on engine sections as 
nearly in accordance with tiie pr^ent practice as was possible, and 
doped with six coats of Dapont No. 20 dope on the bottom side and 
four coats of Dupont and two coats of ramish on the top side. 

Fabric CP 50 dopes well, but is easily and permanently dented. 

Fabric CP 22 takes dope beautafully and is considered better than 
linen. 

Fabric P 25 does not absorb the dope and does not shrink weU. 
All of these fabrics axe giving good service. 

Pensacola. — ^Fabrics wiere stretched on engine sections as tightly 
as possible and doped with Emallite dope. 

Fabrics P 7, Cr 50, and CP 17 were tried. The first application 
of dope appeared to cause the fabrio to slacken^ but subsequent 
coats in. every case taut«n the fabric, and after fiTe coats it is in 
as good condition as linen after the same treatment. These samples 
have been put in actual service, and, although the tests are not con- 
cluded, the indications are that th^ are equally satisfactory witdi 
the linens now being used. Fabric dP 17 is the best of the tmree. 

SUMMABT. 

1. Cotton fabrics can be nuide which will be suitable for airplane 
wings. 

2. Cotton fabric CP 26 possesses the same characteristics as a high- 
grade linecn and is the best of the present cotton fabrics. Its resist- 
ance to tear is slightly less than that of bigh-^ade linen. 

3. Cotton fabrics are as a rule more even in texture tiian linen. 

4. Fabrics made of yarns merceiized under tension and with proper 
twist and thread count possess the same characteristics as linen. 

6. Fabrics made of immercerized yarns can be used with a fair 
d^ee of satisfaction. 

6. The restitution properties of a fabric depend upon its tensibility 
curve, the ply, and the twist of the yams. 

7. The tensibihty curve is a valuable basis for specification. 

8. The tensibility properties and tearing resistance of cottons can 
be varied to meet £ne requirements in any ^ven case, so that a much 
more satisfactory fabrio for any type of airplane can be designed. 

9. The tensibility curve is a valuable index in determining the 
suitability of a particular fabric for wing coverings. 

WASHDrGTOS, October IS, 1917. 
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CP.2S. 




BTBEICH (aeaUmeten). 

Lalxirttory No. C P. 2a. 

B Tans 1917, 
flna B«a lalutd. 
Hon, SG per cent; lelatlvv homldit?, 70* F. 

Waip. ytm-ng, 

"nuesda .„ 88 87 

3&nNo 2/70 2/70 

Twlatperlnoh sliwles.. 3«-38 34-88 

tTwlst per Inch, .doobllng.. 2t-28 31-28 

Bpeatmen dimensloiis, 20 by 3lS centbneten. 
ggead, 13 am. per minute, 
welgjit per Moaie yard, S.S oanoes 
Weave, plain. 
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STRETCH (oenUmeten). 



Laboratory No. C. P. 61. 
Date, August, 1917. 
Ejnd, fine Sea Island. 

Coadlf Ion, 85 per oent; relatlya humldttf, TO* F. 

Warp. FfUtng. 

Threads 68 71 

YamNo 2/SO a/so 

TwfatperinclL...8iii|l08.. S8-82 9B-4a 

TwlstperIndh..donl)Biig.. 16-20 18-S2 

Sjpeclmeu dimensions, 20 by 3JS oeitlmeteis. 
Weight per square yaid, 4.3 oimoes. 
Vesve, plain. 
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CP. 50. 




I«bore{oi7 No., C. JP. ML STBETOH (( 

I>St& August, 1917. 
Kind, fine Sea Island. 

Condltloii, 66 per cent; relative tnmidltr, 70* 7. 

Waip. Filling. 

Thnsda 70 70 

Yam No. 8/ao 3180 

Vvtatperfadi staeles.. 36-40 86-M 

Twist per inoh... doubling.. 1842 18-aa 

gpeolmen dimensions, 20 1>7 3.1 eentLneteod 
Welgbt per sqoaie yud, 4.3 1 
"ectve, plain. 
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SXSETCS Ccmtimetaa}. 

Lalxaatory Na, P. 0. 72. 
Condition, 4 ooats Ferry Austin. 
Specfznfin dlmenstons, a) 1)7 SLfi oontlnxetas^ 
Weave, plain. 

Dope in good canUtlcm; blxiD, tli^t. 
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ap.a. 



'M0MWI9» 

mrmtmww 




. STRETCH (eentimeten). 



laboratory No., C. P. 22, 
Date, >ugtist,1917. 

Kind, fine Sea Island, mercerized In rsm. 

Warp. Fnilng. 

Threads 6S 70 

Yam No S/SO S/80 

Twist per Incli.... singles.. SS-4) 

Twist per Inoh. .doubling. . 18-32 

Dimensions, 20 by 3.S cent Imeteis. 
Weight per square ;aia,S.80 ounoes. 
Weave, plBln, 
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STBETOH (oenUmetecs}. 

Laboratory Ko., F. C. 87. 
Date, September, IS17. 
Kbid, flne Sea Island. 

Wsip. gflHne. 

Threads. 78 75 

Yam No i/lOO's 

Twist per Inch Etn^ei.. *1 

Twist per lncIi..do£lUig.. 30 • 

Specimen dfmmstma, SObfiS CBnHmeteB. 
weight, S oonces per ggoan Taid. 
Weave, pbtin. 
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SXRECTH Oientlauteis). 



laboatory No., 0. P. 98. 
Date, September, 1917. 
EInd,Qe«gta,lJL 
Oanditlon, nurceclied In yam. 

™. , Waro. Filling. 

Tam No . . SISU SOa 

T^^iaiSSi j£^a 3S-U 33-83 
Twist per Ineh.doaI>mig 15 is 

Bpeomeii dimensions, XhraJS ceuHmetera. 
Wei^t per sqoaio ysia, 4J onnces. 
Weave, plain, 

29165°— S. Doc. 128i 85-2 S9 
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SXRETOH (oentlmsMd). 

Laboratory No., P L.S8. PffllDg, P. C. 74 fllHng. 
Date, September, I9I7. 
Kind: Cotton. P. C. 74: linen, P. 1. 86. 
ConditioD, uDooped. 

Tbnads 

Yam No. ...... 

fEwlBt 

Specimen dimenstons, SO U oentlmeten. 

Weftv«,'plaln, ' 
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STBETCH (oentinicteiB), 



Idborstoty No., P. L. 36. 
^to, Septemboc, 1817. 

OondlUon, Party Austin; 4 ooats; no dope. 

Ti«Mds, :.. ..rr 

YamKo 

Spedmen dlinensioos,20br3.5eenttinstei:s. 

W^ro 'p^°^' ^ muate yard; doped, 6.1 ounoes per sqjaia yaid. 

Nanti-Oeda. bieak; no peeling of dope. 
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SXBETCH (cenHmeteis}- 



tobontocy No., C. P. 17. 
Date, Tone, 1917. 

KlndL Ko. 417, meioeclzed in the ytxa. 

CoaSStSon. In. tne yam, relattre linmMfty, 70 per cent. 

ITarp. nmng. 

Threads SS n 

Yam No., tfm 

Twist per Inch... .sfodes 20 IS 

TvIstperln(ih..daabBng IS U 

Dtmendona, ao by 2J oentlnipffra. 

Wema, plain 
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STRBTCH (centlmetos). 



LalwratcByNo., P.C.74. 
D«t^ Ssptemiier, 1917. 
CaDOitloii: 

Undoped, doped 4 oosts. 

I>apoiit Ko. 2IUl, doped 4 ooBts. 

Fenr AnatiiiB. 

Urtdoped, 4.0 onnoes per square jsA, 
Feiry A, 6.1 otmces per square ;Bid. 
Drjsaot, 6 J) ounces per square ;aid. 

Note.— Claan break— no peeling. 
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ETBETCH (centtmeten). 

Labotatcry N(x, P. X. 48. 

Date, Septemb«r, 1917. 

CcBHUtlon: Dc^^eA. Pecty Ansttn, 4 coats. 

Spectmen dlmensioos, 20 07 2.6 centlmeteis. 

wdi^t, S.8 ODsces per 8q,iiaie yud. 

WesTe^pblB. 
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P. L. *«, 




STBBTCH {centtmsten). 

Labonttorr No., P. L. 80. 
£at^ August, 1917. 
Kind, linen. 
CondtUon, 

Tbreads a sg 

YemNo 

Twist 

Bpealmen (Hmmiitfniiii, ao by 2.5 centlmstaia. 

Weigbt, i/i onnoes per square jud. 
Weave, plain. 
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BALLOON FABRICS. 

BT BirBEA.U OF tfEiSDiSDS ^iXOOON FABBIO OOKUiriXB. 



INTBODnCTION. 

The life of a ballooa fabric in sesrvice is important &om the staad- 

point of efficiency, safety, and economy. It is therefore highly de- 
sirable to be able to determine qnicHy, in advance of balloon con- 
struction, the probable tiseful lire of a fabric. As a contribution 
toward tne solution of tiiis problem the Bureau of Standards has 
imdertaken to correlate with the actaal usefalness of the fabric in 
service the results of various laboratory tests after ezp<isure to con- 
ditions intended to accelerate the ageimg of the material. The fol- 
lowing reports give in a preliminary way tiie progress made in a 
typical series of life tests. 

For these tests fire samples of dii^ble fabric Mid three samples 
of ballonet fabric were used. The phyncal characteristics of these 
materials, such as wei^t and consteaction of the plies, are given ia 
the foUowing table. The wmghts of fabric and rubber are tiiose 
given by the manufactareis. 

Table l.—Desaipii(M (ffldttoonfcMes. 



I^nmbec 

of 
bbEle. 


ZXibOC^tlOIl. 


Oanstiacthm (wd^ In oonoes pw aquais ;azd}. 


Ontslds 
rubber 
coat. 


StiBidit 
bl>fl<i. 


Bobber 
betwaeii 
piles. 


Bias 
Ikbdo. 


lubber 
coat. 


Total 


loeso 

10652 
I06S3 
221S1 
22U3 
10651 
22160 
22TBS 


00 


0.6 
.6 
.6 
.46 
.46 

Nona. 

Nana. 


4.26 
2.67 
4.7 
4.6 
2.8 
3.06 
3.6 
^plf otii 


S.9 
S.14 
Z.46 
S.30 
3.30 
8.0 
S.30 
tbcio: one 


2.66 
2.67 
2.67 
2.6 
2.6 
2.06 
2.6 
eoatofmb 


0.6 
.S 
.6 
.26 
.26 
None. 
Nona, 
bar.] 


11.7 
S.2S 
U.8 
10.28 
8.2G 
7.1 
7.5 
6.S 



l/nSTRODS OF EXPOSUBE AND PEBMEABIUTT TESTS. 
By JusnTs Datid £h>wABDS, Aadataat Gbemiat. 

(a) Meffiods of esposme. — The effect of exposnre to weather (sun 
and rain), the dfect of exposure to heat alone, and the eSect of «s- 
posure to ultra-violet light are brang studied. The efEect of weather 
and heat will be reported at this time; the work on tiie effect of the 
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ultra-violet light has not yet progressed far enough for definite 
report. 

For exposure to the weather, samples of the fabric 5 yards long 
were mounted on wooden frames. The frames were placed running 
east and west, bo that the fabric had a soutibiem exposure, with a 
slope of about 10 degrees, which allowed rain to dram off quickly. 
A good idea of the weather conditions existing during the period of 
exposure can be obtained from the weather records taken at the 
American Univeraity, Washington, D. C., and which the U. S. 
Weather Bureau haa kLndly furnished. These data are summarized 
in Table 2, and the number for each period will be used lat«r in 
refeiTing to this table for weather conditions. The ballonet and diri- 
gible fabrics were exposed over different 30 and 60 day periods; the 

{>eriods for the ballonet fabrics are numbered 6 and 8 whUe iba same 
ength periods for the dirigible fabric are numbered 2 and 4. 

Ine heat exposure was made in electric ovens maintained at a 
temperature of 70° centigrade. The air in the ovens was kept in cir- 
culation by a fan, and it was possible to maintain the temperature 
approximately constant and tne same within a few degrees in all 
parts of the oven occupied by the samples. The ovens had ventilat- 
ing ports open to tiie air in me room; no. attempt was made to r<^u- 
late the humidity^ of the air in the oven. That the conditions in tlie 
oven were not stidctlv tmiform, was shown by tiie uneven appearance 
and stifEhess of the fabrics after several weeJis' heating. 



Tabis 2.—' 



eordiiumi—ObserBations made at the American UnivenUjf, WaA- 
ington, D. C. 



Period. 



ITumbar 



Total 

gram 
calorios 

per 
aqoaie 

eenti- 
meter. 



FredpitotloD. 



olrain. 



which U 
rained. 



mean 
tem- 
peiatuie. 



I July 17-Aug. 15. 
I July 17-Aug. 30. 
I July 17-Sept. H. 
1 JulylT-Ociu.. 
I Aug. U-Sept. 16, 
» Aug. 16-Oot.IS.. 
I Aag.U-Aug.81. 



20,635 
25,320 
31,809 
11,73S 
19,(35 
7,053 



4.68 
4. SO 
5,92 
6.24 
l.!5 
2.68 
.24 



77.5 
7t.9 
74.0 
S8.g 

TO.O 
H.O 

n.o 



(5) Method of determining permeaMliiy. — ^The appio-atua designed 
at the Bureau of Standards for determining the permeability of 
fabrics to hydrogen consists of a cell divided by the fabric into two 
gas chambers. Jji one of these chambers is maintained an atmosphere 
of hydrogai and through the other chamber a slow current of air is 
passed. The hydrogen diffusing through the fabric is carried by the 
stream of air mto a gas interferometer where tbe percentage of 
hydrogen in the air is determined by an optical method. From this 
percentage and the total volume of air, as determined by a meter, 
Uie rate of passage of the hydrogen lirough the fabric is computed. 
This method is the same as that used by American and I&glish 
manufacturers for testing purposes except that the hydrogen is here 
determined by means of an interferometer instead of by combustion 
with subsequent weighing as water. 
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The permeabUity cell is immeised in a constant temperature water 
bath in order to Iceep the temperatare of the fabric during test at the 
standard temperature of 25° C. The pressure of hydrogen is 30 mm. 
of water above atmospheric pressure. 11.6 results are calculated in 
liters (at 0° C. and 760 mml) of dry hydrogen diffusing per square 
meter of fabric per 24 hours. 

The standard temperature of test abroad is approximately 15*^ 0. 
and for purposes d comparison it may be stated that the permeability 
of most rubberized fabrics at 15° O. is approximately 65 per cent of 
the permeability at 25° C; this holds only fcsr fabrics oi moderate 
permeabiliiy, i. e., 10 to 20 liters. Ihe rate of change of permeabiliiy 
with change of temperature for a number of fabrics, foreim and 
domestic, is shown m llgure 1. Fabric No. 10568 was a French 
fabric; the others were manufactured recently in this country. 
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(c) Effect of vjeafftering on pmnedbili^, — After the exposure tests 
had proceeded for a number of weeks it was observed that the per- 
meaMIity of several samples had decreased considerably. This 
decrease was accompanied by an increase in the hardness and brittle- 
ness of the gas film which rendered it particularly susceptible to crack- 
ing. In order to detect this brittleness, whidi is an obvious si^ of 
deterioration, a method of wrinkling before testing was devised. 
The fabric was attached to two parallel clamps and wrinkled by 
drawing over a metal edge at an ac^e of 90 degrees, ten fames under 
a tension of 179 grams per centimeter (1 pound [per linear inch). 
This wrinkling was without effect on the permeabilify of a sound 
fabric but was useful in detecting any hardening of the gas film 
(the gas tight rubber coating) where deterioration had commenced. 
All test pieces which were wrinkled, before testing are designated in 
the following tables by the letter "yr." 
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Five samples of dirigible fabric and three samples of ballonet 
fabric were tested in one series, for which results are given as typical 
of those being secured in this work. The dirigible fabrics were rubber- 
ized on the inside, outside, and between thejplies: the baUonet fabrics 
were onlj^ rubberized between the plies with me exception of No. 
22795 which was a single-ply fabric. Although, the batlonefc fabrics 
are not exposed to lihe weather under service conditions, f^ey were 
exposed in these tests to determine the effect of weathering on tiie 
gas film. 

The results of the permeability tests after different periods of 
exposure are given in Table 3. It seems apparent from these data 
that the aging of the fabric usually results in a decrease in permeabil- 
ity. Simuar observations have been made by other investigators.* 
Ihe j[>6rmeabQity after reaching its lowest value rises rapidly again, 
particularly if the fabric is wrinkled, and this point marks the end of 
the period of usefulness of the fabric as a gaa container. 

Examination of the reposed fabric frequently showed a marked 
increase in stiffness even to the point of brittleness. Fabrics 22151 
and 22152 for example showed this very markedly after thirty days. 
Other evidences of weathering noted on different fabrics were tne 
disappearance of the outside rubber films, bleaching of the fabric 
or rubber compounds, separation of outer fabric from the gas film, 
failure of seams on the bias fabric. 



Table 8.— J^eef qf expoaure to waOiet on pamedbUi^. 



FUbrlo 
No. 



Descrlptlaa. 



PermeabtUtr of bMo at 2S' 0. (Ittan, per squars msUr per 34 houts) . 



XTnex- 
posed. 



30 days 
(period 
SO- 



tfdays 
(period 
8). 



60 days 
(period 



SO days 
(period 
7). 



30 days 

(period 
B). 



tOdayi 

(period 
1). 



10650 
106S2 
lOSSS 
221S1 
221ii2 
10851 
23IC0 
22795 



Dirigible body , 

Dirigible lonei body. 
Dirigible npper body . 

do 

DMgTbls loner body. 

BaUonet 

do 

do 



17.1 
I8.S 
16.7 
1S.8 
U.8 
1S.0 
18.6 
17.4 



7.6 

U.fl 

14.4 

31.7 
8.S 
7S.0 



1.4 
10S.0ir 
8.8 

12. Or 
e.9 
9.CW 

65.0 
^TOaOvr 

Tao 

9^000.017 



1.8 
8.0 
ILO 
114.0 

88,00010 



8,7IiaOw 
116.07 
U.Svr 



28.7 
424.07 

8.3 

9.9W 
14. S 



44,NXX0w 
230.07 
15.87 
44.87 
S4a07 
1,52&07 



Note.— Wbeia two valaes an given Jn tbe table it Indicates tliat two test pieces were ran. 

From the standpoint of permeability the five dirigible fabrics 
may be ranked in the following order: 10653, 10652, 10650, 22151, 
22152. At the end of 90 days fabric No. 10653 was still in good 
condition; No. 10662, although of the same composition, was of 
Ughter weight and showed signs of deterioration at the 90-day period. 
E^brio No. 10650 began to show excessive leakage after wrinkling 
at the end of 45 days. Fabrics Nos. 22151 and 22152 failed com- 
;^etely imder the same conditions within 30 days. 



I Ban and Tbomas, British Advlaory Committee for AeromntKn, toI. S, 1B7, 1012, 
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d. Effect of exposure to heat on permeability. — The results obtained 
aft«r heating in an electric oven at 70° C. are given in Table 4. The 
results after 60 days' heating show no great differences in perme- 
ability of the five dhigible fabrics and are therefore withont valne 
as a criterion of the aging properties of these materials; indeed 
they are misleading. ^ For ezam^e, fabrics 22161 and 22152, which 
gave evidence of rapid deterioration after only one week's exposure 
to the weather, were pliable and practically as gas tight as the 
orieiaal material even after 60 days^ heating^ whffl-eas fabrics 10652 
and 10663 were very stiff after 60 daj^' heat.Tng but stiU showed no 
excessive leakage. These differences were noticed on all test pieces 
and could not be attributed to unequal heating. 



Table 4.— Effect of exponare to heat on permeaSiUfy. 



How 


Descdptton. 


SermeaUStj' of Ubda at SG* G. Qltea, 
per squarn meter per a4Iioiin). 


TTnez- 
posedL 


7 days 
atTO'O. 


33 days 
atTB'O. 


60 days 
Bt7D*C. 


iom 
loesn 

10653 
2ZU1 
221i}2 
lOSSl 

am 
22ns 




17.1 
I&S 
ia.7 
1X.8 
1S.& 
1S.0 
ULS 
17.4 


1A.S 
11.S 

las 

11.0 
1S.S 

a.s 

ILS 

u.0 


18. Iw 
SL7T 

U.8n- 
19.67 
2.3W 
liSw 
ia.Iir 


4.1W 
17. 2w 
8LSir 
3LSir 

11.47 

SHOW 
1.SW 















The permeability test after heating appears to be without value 
as a means of judging fabrics from cEmerent manufacturers; it may 
be positively misleading. This test may find some use, however, in 
comparing fabrics having rubber compounds of similar composition. 
The deterioration after heating is in some cases not as severe as after 
exposure in summer weather in Washington for a similar period, 
and it appears certain that the effect oTJlight in &b aging the 
fabric can not be neglected. Any accelerated test should make use 
of h^t as one of the det^orating^^ elements. 

The greater part of the work mvolved in exposing the samples 
and mRVing the permeability tests was perform«i by Messrs. P. G. 
Ledig, 1. £. Moore, and F. A. Smith, to whom credit should be 
given for the efficient performance of these teats. 

CHEMICAL TESTS OF BALLOON FABRICS. 

By T. B. TtiTXLB, Aasodate Chemist. 

Eubber, both CTude and vulcanized, is iasoluhle in acetone. AH 
crude rubber contains, however, more or less of other substances, 
caUed resins, which are soluble in acetone. In alt of the high-grade 
rubbers this amount is small, usually from 3 to 4 per cent of the 
total. When rubber breaks down thiou^ aging, oxidation, etc., 
the decomposition products are soluble in acetone. We may there- 
fore look upon this test as one indication of the life of rubber goods; 
a sli^t increase in acetone extract from time to time woula show 
nom^ agirg, while a rapid iacrease would indicate that the life 
of the robber was practically at an end. 
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The meihod employed at the Bureau of Standards for making ex- 
tractions with, acetone, is as foUowa: 

Place a 2-gram sample in an acetone-extracted S. & S. paper thim- 
ble and extract continuously mtii acetone for eigjit hours, unless the 




to 



99 ¥5 S» So n 99 

Tine IN oArs 



>^^<^. EXPOSURE TO WEATHER 

solution in the thimble is still colored at the end of that timo, when 
the extraction shall proceed the next day for a further period of four 
hours. Transfer the extract to a tared 100 or 160 c. c. Erlenmeyer 
flask, using chloroform or benzene for dissolving any material which 
may have separated from the solvent during the cooise of the ex- 
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traction. Drire off the solvents at as low a temperature as possible, 
using a gentle ciuigat of air. Caie most be talcen to avoid aUowiog 
the nas& to stand on the steam bath after the solvent is lemoved, 
and ■while the air is still passing throng it, since appreciable quanti- 
ties of free sulphur may be lost by so doing. the flask and con- 
tents in an air bath at 90° to 95° C, cool and Mm^. Calcolate the 
results to percentage. 

Th& acetone extract thus determined always contains the free or 
uncombined sulphur. The amount of this sul;^ur is determined, 
and the pro;^er correction made. The method lor determining the 
free sulphur is as folkws: 

Add to the flask containing the acetone estract 50 to 60 o. c. of 
distilled water and 2 or 3 c. c. of bromine. Heat gently on the steam 
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40 



Pa"^' £X/W(/f?E TO H£AT — Ot^EN AT TO^C. 

bath untn. the solution is practically colorless and filter into a 250 
c. c. beaker. Cover the beaker ■with a ■watch gla^, heat to boiling 
on the steam bath, add 10 c. c. of 10 per cent barium dJoride solu- 
tion, and allo-w the precipitate to stand overnight. The next day 
filter the precipitate on 11-cm. 590 S. & S. filter paper. Ignite in a 
small porcelain cxucible, using a small Bunsen flame, and not allo^w- 
ing the paper to inflame; cool and 'w<ragh. Calculate the barium 
sulphate to sulphur by means of the factor 0.1372, and calculate the 
percentage of &ee sulphur. 

The amount of sulphur thus determined is deducted from the total 
amount of the acetone extract, and the dMersnce is usoaUy reported 
as "acetone extract — corrected," 

Figure 2 gives a comparison of the rate of change in acetone ex- 
tract of the various fabrics 'when exposed to the weather, and figure 

29165°— S. Doc. 123. 65-2 80 
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3 gives tihe same comparison whein. the fabrics are heated in the dark. 
The weather exposure test closely approximates service conditions 
and we may tiierefore look upon the curves showing the rate of de- 
terioration as an indication of ihe relative life of tEie fabrics. This 
has been confirmed by actual experience. It will be noted, however, 
in comparing fi^re 2 with figure 3 that the curves are not_ identical 
for tile various ftbrics. In the dry-heat test the most rapid change 
occurred in fabrics which withstood the weather exposure the best. 
It is obvious from this that the dry heat, or oven test, does not give 
any accurate data as terthe probable life of baUoon fabrics. 

There is still a possibility that when exposed to the weather, rub- 
berized balloon fabrics may decompose to such an extent as to lose 
their valuable properties (impermeability, strength, etc.) wilJiout the 
decomposition products being soluble in acetone. This, however, k 
an extremely remote possibility, and we may say, in general, that a 
slow rate of chan^ in the acetone extract inaicates a long life, and a 
rapid change indicates a short life. 

PHYSICAL TESTS OF BALLOON FAmaCS. 
By E. D. Waxen, AaaiBtBat FhTddst. 

In the study of the deterioration of balloon fabrics it is of impor- 
tance to consider the change in the physical properties upon which 
depends the life of a balloon as regaros its resistance to stresses. 

The conventional balloon fabric is made up of two cotton fabrics 
or plies, termed "raw fabrics," cemented together by a film of rubber 
compound called the "gas mm." The function of the raw fabric is 
to resist stresses and to protect the gas film from exposure to abrar 
sion and weather. 

One raw fabric, the "bias," has its systems of yams, warp and 
filling, at 45° to the warp and filling, respectively, of the other raw 
fabric, termed the "paraJlel" fabric. 

It has been maintained that the tearing resistance of a balloon 
fabric made of a parallel and bias ply is greater, and that there is a 
more equable distribution of stresses in the systaoas of yams than 
with one which is made of two plies having the systems parallel to 
each other. 

Rubber is sometimes placed on each side of the phed material to- 
protect the raw fabric from acids which might form on the inside of 
the balloon, and from weather conditions, when the outside of the 
gas bag is not protected by an exterior protective coating. 

METHODS OP TILTING. 

TBireiBiLrrT Eeopbktibs. — ^The tensibOity properties may be best 
expressed in the form of a load-stretch diagram which is a graphical 
representation of the manner in which the fabric stretches when 
tension is applied in the direction of one of the systems of yams. 
The curves were obtained in the following manner: 
Samples 2.6 centimeters (.985 inches) wide and 18 centimeters 
(7.1 inches) long were cut out of the fabric in each of the four direc- 
tions of the systems of yams and placed in the damps of a con- 
ventional testing machine of the inciunation balance type. The dis- 
tance between the damps was 10 centimeters (3.9 inches). The 
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fabiic was thfia stretched at the rate of 13 ceatimeters (5.1 inches) per 
minute, and the load (or resistance of tiie fabric to being stretched) 
was drawn autographieally against the stretch. 

The slow speed was used in order that the results might be reason- 
ably free from any inertia effects existing in this type of testing 
machine while in oparation. It was observed that the rariation m 
the brealdng load of the fabric was very small when the material 
was tested at this speed, and that the breaking loads or tensile 
strengths given on tnegraphs are within the average variations of 
the individual tests. The absohite form of tJie oxures yaiied even 
less than the breaking load. 

The autographic device used consists of a light drum and an inter- 
mittent pen moving along the axis of the drnm. The drum is oper^ 
ated by the motion of the balance arm of the testing machine and 
the pen by that of the pulling clamp. The correction for the motion 
of the damp attached to the balance arm was made by the use of 
skew coordmate paper having a reference line which subtracted 
grafMcally the motion of this damp. These correction values are 
proportional to the loads and vr&e obtained by calibration. The 
dots produced by the intermitteint pen were ibsa. comieoted by 
sdid lines. 

The stretch may be read at any load, dt^er in centimeters or per- 
centage, directly firom the graphs. 

BuESTDTa Test. — ^In the bursting test the material was subjected 
to uniformly distributed pressure in the following manner: 

Samples were clamped in a circular container of 21.6 centimeters 
(81 indies) diameter so arranged that the fabric could be subjected 
to air pressure on the inside and would be free to deflect b^^ reason 
of the action of the pressure. The inside edge of the damping ring 
next the fabric was chamfered to a radius of 3.2 millimeters (| mch) 
to prevent cutting of the material at the ring. 

The fabric container was connected to an air reservoir in which 
was maintained a pressure of 150 pounds per square inch (10.6 kg. 
per sq. cm.). A valve in the connectici^ Jine was opened a very 
small and like extent for each test. This appeared to be the most 
feasible laethod of controlling the time element, since, as has been 
shown, if a fabric is stressed at ver^ sbw rates it mak^ little difiov 
ence whether the fabric is stressed in equal increments of load or in 
equal increments of stretch. In this method of applying air pressure 
there is little flow and consequently the pressure may be considered 
as being equally distributed. The air pressure undCT the deflected 
fabric was drawn autographieally against the deflection of the center 
point of the fabric by means of an ordinary steam indicator. 

The contour of the inflated fabric at several sections perpendicular 
to l^e orkinal plsuae of the fabric was determined by measuring the 
vertical (Esplacement of small rods held at known ajid constant 
distances on centers. Displacements were measured to the nearest 
hundredth of an indi at points distributed over the surface of the 
fabric. 

The results obtained with this improvised apparatus were such as 
to warrant the construction of a mTnilor though more refined 
apparatus. 
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Teabin<j Eesistanoe. — ^Diasmuch as this discussioii has to do 
•with the deterioration of balloon fabrics whose plies are of practically 
the same construction, it is reasonable to assume that the change in 
tearing resistance may be deduced from a consideration of the change 
in the tensibilit^ properties, keeping in mind that the tearing resist- 
ance is a function of the strength of the individual yarns and the 
number beingstressed. 

Weight.— ^Fhe weight was determined by weighing four samples 
of 4 square inches (25.8 sq. cm.) taken from various places in the 
fabric. 

TALUE OF TESTS. 

TENSiBiiJTr. — In many-instances in^ the determination of the 
deterioration of balloon fabrics the tensile strength does not change 
materially, althou^ a change occurs in the general shape of tiie load- 
stretch diagram. In other cases it is difficult to determine the exact 
point of rupture of one raw fabric, since after exposure some fabrics 
appear to ^ve way slowly while being supported bj the rubbfer film. 

The tensibility curves show grapmcally what is actually taking 
place in the raw fabrics when they are stressed and, in some cases, 
the condition of the rubber film in its relation to the properties of the 
fabric. 

BTiBSTma. — ^It is rety diflGlcult to visualize the resultant effect of 
a difference in the tensibility properties determined in the direction 
of the systems of yams when these yams are acting in conjunction 
with each other. For this reason it was thought advisable to sub- 
ject the fabric to uniformly distributed pressure to show more readily 
the resultant deterioration of the material. 

WEiaHT.— The change in weight of an exposed balloon fabric is 
apt to lead to conclusions whicn are not correct, since the state of 
the rubber fihus may influence tihe moisture content of the fabric and 
there may be soluble substances in the rubber compound which may 
be washed out. 

Kinds of Expostjee. — ^The samples were exposed to weather and 
oven conditions as outlined in part 2. The same tests were applied 
to all sample. 

RESULTS OF TESTS. 

The tensibility properties are shown in the load stretch diagrams 
figures 5 to 12, mdlusive.* 

The graphs, figure 4, show the relations between the air pressure 
and deflection of the center point of the fabric when the material is 
subjected to the bursting test, and the system of yarns which gave 
way first. 



1 Initsmaoh u the exact doslonatlon of the system of ;silH> has no beaiins on the purpose of thb pa^, 
the warp and filling of tlM ssTBial fabdos mar M leveised, but thfl 
name ttaiaagbaot. 



BKPOBI ISCATIO^AL ADVISOBT OOaOCTEXBE I'OB AiraOKAtrXICS. 469 



a, " «, /s • 

*r ■ • 7, 9a ' 

4. ee - ' a. ea ' • 



f06SO 

■A 




1 


A 


I 


/esss 

u 








• 


1 iOtSt 




A 




A 









470 BEFOBT KAHOSTAL AOVISOBT COIOIITIEE FOB AEBONAUIZCS. 





SEPOBX XTAXIOlSrAL AD7IS0BY OOSOOTXeE FOB AEBOZTAXmOS. 471 





472 HEPOET BTAHOITAL iaJVIBOfiY COMMITTEE POB AEKOlTAXmOS* 





EEPOBT KAHOITAL ABVIBOBT OOMMEEXEE rOB AEBOHAXmCS. 473 





474 SEPOBT KATtOlKiL ADVISOBT COMmTIEE FOB AEBOHAUXICS. 

Table 5 gives tKe maximuiit values of deflection and pressure 
obtained from the bursting test. 

Table 6 gives the approximate calculated tension in the material 
at the lime of bursting. 

Table 6. — Dirigible fabric. 



rw.— B— Warplilaw'W.— P— WoTD paraltel; S— System of Tains glvins myflratiP— PMaanpaundsper 

sqnare Inch; D-iDefleotton of center point Inclies.] 

LOWER BODY. 





- UMsa 


aaisa 




Sayaexposuio. 


p. 


D. 


S. 


p. 


D. 


S. 




S3 


1.7 
1.7 


P.B. 


30 


1.6 


W.S. 








IS 
6 


il's 

1.1 


W.B. 
W.S. 




ao 


1.6 


F.B. 






IS 


1.3 




















UPPER BODY. 




10653 


35051 


10*50 


Ezposnie. 


P. 


D. 


8. 


P. 


S. 


B. 


P. 


D. 


a. 




33 
35 

as 

3S 

as 
as 


1.6 
1.8 
1.8 
1.8 
1.8 

i.g 


■W.B. 
W. B. 
W. B. 
W. B. 
•ff.B. 


23 

13 
8.6 
&.< 


1.6 
1.4 
1.1 

.e< 


W.S. 
W.S. 
W.S. 
W.S. 


SI 

is" 

30 
17 
IS 


1.8 

"■'L's' 

1.7 
1.S 
1.S 


W.P. 

"w.'K' 

W.P. 
W.P. 
W.P. 












BALLOMET. 




S2U0 


23795 


10651 


Exposure. 


p. 


j>. 


S. 


P. 


D. 


B. 


P. 


D. 


8. 




16 


1.S 


F.B, 


10 


1.6 


w. 


16 


1.9 


w. p. 




u 


1.3 




4.S 


Vi 


w. 


16 


1.4 


w. p. 




las 


1.S 




S.6 


1.3 




8.S 


1.3 

































Tabib 6.—I>vigihlefttbric. 
[T— lbs. tension per inch at vldth; Tm-~Kg. tenslm per om. of widtli.! 
LOWEB BODir. 





10653 


32163 




E^oaniad^rs. 


T. 


Tm. 


Per 
oent 
de- 
oroase. 


T. 


Tm. 


Per 
cant 
de- 
(xeass. 




333 
330 


104 
08 


0 
S.6 


830 


143 


0 






171 
S3 


76 
41 


46.0 
7L0 




314 


96 


S.0 






aso 


US 


i7.0 

















1 boreasa oTsr origiiial. 
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Tablb 6. — Dirigible fabric — Goiitinued. 



UPPER BODY. 



I>ibrtoNo 


I06S3 


loasQ 


aziEi 








Per 
cent 
da- 
crease. 


T. 


Tm. 


Per 
cent 
ds- 


T. 


Tm. 


Per 
cent 
dfl- 
craiss. 




SOO 
243 
343 

ai3 

335 


134 
lOS 


0 
30 

ao 

30 

ao 

35 


300 


134 


0 


aas 

144 
130 

m 


105 
84 
B& 
63 


0 
39 
4S 
40 


45 


US 

303 
194 

aos 


07 
91 
87 
93 


38 

sa 

35 
31 




103 
















BALLONET. 




aaiED 


33796 


lOSSl 




T. 


Tm. 


Per 
cent 
de- 
oraaaa. 
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DISCUSSION OP THE EESULTS OP THE TESTS. 



TeTiaibUify. — ^Ifc will be noted tliafc some of tlie curves of the load- 
stretch, diagrams are not continuous, bub Iiare an abrupt change indi- 
calang the bxe^dng of the systems of yarns being t-est-edT^Elus is 
followed by a straight line which, tetminates at another point of 
abrupt change. The balance arm of the testing machine is held at 
the position of the maximum load, between the two points of abrupt 
change, and hence does not show the manner in ■vraich the biased 
systems of yams adjust themselves. The true shape of the curve 
is shown in diagram (0) figure 12. Points A and B m aU othar dia- 
grams are connect-ed with a straight line. The part of the ourre 
above the point A has no value except for cheddng the strength of 
the ply cemmted to and lying at 45° with, the systemof yarnsberng 
tested. For this reason only the part of the curve below the point 
A win be discussed. 

The lower part of the load-stretch diagram of the raw fabric up to 
about 5 feg. is very nearly a straight line, andb^inning at this point 
and extending to about 10 kg. there is a rapid dian^e in the rate of 
curvature; beyond the termination of lihis part the curve the 
change in the rat« of curvature is again Teiy smaJL Thus, a load- 
stretSi diagram or tensibOty curve may be spoken of as conssting 
of three sections to be known as 1, 2, and 3, respectively. 

The shape of section 1 is influenced almost fflitirely by the fabric 
characteristics, and is a function of the diameter and number of 
yams, the resistance of the yams to braiding, and the relation of the 
one ^tem of yams to tihe other. The result of these relations, 
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commonly termed "crimp," may be eixpressed as the increased 
length, or the yams due to interlacing. 

At the end of section 1, the crimp nas been taken out to such an 
amount that the characteristic of the yam has b^un to predominate, 
and there is at the end of section 2 an adjustment of the fabric. 

The shape of section 3 is influenced by theyaxncharaoteiristicinits 
constrained position. If the crimp is very small in one direction, 
this portion of the curve \7ill be parallel to the load-stretch diagram 
of an equal number of unwoyen yams, and there is a divergBaco 
from th^ diagram of the yams as the crimp of the fabric is increased. 
Hence it is possible to assign reasons for the change in the sections 
as compared vnth the dia^am of the fabric before exposure. 

If, as dted below, there is a radical cjaange or reversal in the curva- 
ture of section 1, and a slight change in the other sections; or more 
particularly in section 3, the cause must lie in certain constrainmg forces 
which are not existent in the raw fabric. This condition is shown 
in the 60 days' exposure curve of fabric 10651. In this case the 
rubber film was found to be cracked at the reversal of the curvature 
of the lower portion of the curve, and it is logical to assume that the 
constraint was due to stiffeniag of the rubber. 

Sometimes there is a mezgiitg of the tibree sections, as in the diagram 
of the SO-days exposure of fabric 10651. It is probable that this is 
caused bj constraming forces of the same nature as those just referred 
to, which persist throughout the entire lower portion of the curve, 
unaccompanied by any noticeable deterioration of the raw fabric. 

A consideration of the load-stretdi diagrams of the warp parallel 
of fabric 22151 and 22152 and the wacp and filling of 22150 and of 
fabric 22795 before and after expostire, would appear to demonstrate 
that the deteriorations of the raw fabric were made evident only by 
the decrease in the teoosile strength, since no change is evident in 
shape of the curves. ^ " " 

There are four types of deterioration which mi^t exist in the 
balloon fabric and which may appear in the load-stretch diagram: 

1, One ply deteriorating. 

2, Two pUes deteriorating. 

3. The rubber film deteriorating to such an extent that its stretch 
fails to follow that of the fabric. 

4. Combinations of three with eil^er one or two. 
Deterioration of one ply is shown in the curves of fabric 22150, 

30 days exposure, where the bias ply has lost conjsiderable strength 
and the parallel fabric has remained constant. In every case an un- 
protected ply which has been exposed to the weather and directly 
to the sun has deteriorated rapidly. 

The condition of the two pues deterioratiitg without an apparent 
deterioration of the rubber film was not observed in these experi- 
mental fabrics. 

An, instance of two plies deteriorating accompanied by a discernible 
deterioration of the rubber film is shown in the curves of fabrics 
22151 and of 22162. In the bias curve of these fabrics, it is difficult 
to determine the breaking point of the system of yams being tested, 
since there appears to be an incipient breaking down of this system 
of yams at the lower portion of the load apphcation. 

The deterioration of the rubber film as discussed in this portion 
• of the paper has bearing on the peimeability only in so far as 
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change ia the lower portion of tbe load-stretch, diagram, may be 
takea as an iadex: of the stat« of the film as r^ards its abilit;^ to 
remaia iatact up to the breaking point of the fabric. 

BuESTiNa TESTS. — ^Tho determination of the contour surface of tbe 
fabric at the time of the bursting leads to the conckision tiat any 
vertical section taken through the center point conforms very nearly 
to an arc of a circle, or that the currature of the surface is the same 
throughout. Ia some instances slight deviations firom this, condi- 
tion were noted. 

The tension in the fabric may be approximately calculated by the 

use of the simple formula for the tension in a hollow sphere of tliin » 
walls which is subjected to uniformly distributed pressure from the 
inside. 

^~ 2 

When T=teaqion in pounds per Hnear inch. 
B= radius of curviUiure ia indies. 
Pes pressure in pounds per square inch. 

I^e bursting tests show that there ore three general cases to 
be considered. 

1. A decrease in ihe tension of the fabric at the time of bursting 
durii^ the early part of the exposure followed by a condition m. 
equilibrium which inay be caused by the following conditions: 

(o) One ply deteriorating and the other remaining constant. 

Q>) Both plies deteriorating ver^ rapid^ at first, followed by a 
gradual decrease which may oe due to the changed condition of 
the rubber fihn. 

2. A steady decrease whidi is probably caused by a deterioration 
of the entire balloon fabric. This is probably the result of the libera- 
tion of a free acid from the rubber films. 

3. No apparent change in tension. 

The condition of I-a is shown in theburstim tests of fabric 10650, 
which apparently has lost considerable of its Ufe at the end of 45 days, 
and at the end of 90 days is somewhat better. In this case it is prob- 
able that the condition of the rubber fihn is playing an important 
part ia the increase in strength. 

Fabric 22151 is a case of 1-b in which both of the plies are very 
rapidly decreasing up to 30 days, while after time there appears to 
be an increase. From the loaanstretoh diagrams of this fabric it is 
quite evident that the condition of the rubber film is incxe&sing the 
strength of the materiaL 

A steady decrease of tension of the fabric, as noted in case 2, is 
clearly showa in the fabric 22152. 

The condition of 3 is shown in the fabric 10652, which is not suffer- 
ing from exposure to the weather and is apparently growing better 
with age. Ill this case it is probable that the rubber film is increasing 
the strength. 

SDM3VIARY. 

"Erom. a study of the results obtained on fabrics exposed to weather 
conditions, given in the body of this report, it will be seen that the 
changes ia values obtained m testing vary in the same way ia per- 
meabilily, acetone extiract, bursting strength, and the curvature of 
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the tensibilitj^ cnrres. Thus, the smallest chaiifes occur ia those 
fabrics which in actual service show the longest liJfe, and the greatest 
changes ia those which show the most rapid deterioration. We may 
therefore look iipon any or all of these tests as reliable indications of 
the changes which would take place under service conditions. 

The results after exposure to diy heat fail to show any great di£Eer- 
ences between the vanous fabricSj although as stated above, wo know 
that in actual service these difference exist. The curves plotted 
from th^e results do not correspond to the tests obtained on samples 
exposed to the weather. I'rom this it is obvious that the dry heat 
test is of Httle or no value as a means of predicting the life of balloon 
fabrics. It is possible that the introduction of moisture in these tests 
would so change conditions as to afford a means of determining the 



consideration and the results wiH be reported at some future date. 

There still remains the po^bilifcy that artificial Mght, containing a 
l&rge percentage of the ultra-violet rays, either with dry samples or 
where an excess moisture condition is maintaitied, wiU give results 
olosdy approximating weather conditions. If this proves to be true, 
it is probable that this test will be of considerable value, since it would 
make possible the obtaining of results in a mudi ahorteir time than 
at present. 




